Single-particle spectra near a stripe instability 
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We analyze the single-particle spectra of a bi-layered electron system near a stripe instability and 
compare the results with ARPES experiments on the Bi2212 cuprate superconductor near optimum 
doping, addressing also the issue of the puzzling absence of bonding-antibonding splitting. 



It was proposed that the anomalous normal-state prop- 
erties of the cuprate superconductors at optimum doping 
may result from the mixing of the doped holes with the 
collective charge and spin fluctuations near a stripe in- 
stability To investigate the corresponding quasipar- 
ticle spectra, and to compare with experiments on the 
bi-layered Bi22I2 |j, we introduce the Hamiltonian 



H = E ~ S ^ C tat C kal 
- *±5^7fc (4 al Cka2 + h.C.) 
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where = —2t(c x + c y ) + At'c x c y — /it, with c x 
cos(k x , y a), is the tight-binding dispersion for electrons on 
a square lattice with nearest and next-to-nearest neigh- 
bors hopping, a is the lattice spacing, /i is the bare chemi- 
cal potential and Sfi is the shift in the interacting system. 
The planes are labelled by I — 1,2 and t± is the inter- 
plane matrix element modulated by 7^ = ^Ic^ — c y \ to ac- 
count for the suppression at k x ~ ±k y The constants 
gi couple electrons to charge (i = 0) and spin (i = 1, 2, 3) 
fluctuations. The spin structure of the generalized den- 
sity coupled to S l _ ql is accounted for by the Pauli matrix 
t\ The counterterm Sfi ~ 0(g 2 ) is determined, order by 
order in perturbation theory, to fix the number of elec- 
trons. The fluctuating fields S* t are characterized by 

the susceptibilities Xijtt>(Q,v) = A/[k 2 +Vg-Qu ~ 

ifoj] -1 , where Aj are constants, the mass k 2 vanishes at 
criticality, 77*. — 2 — c x — c y reproduces the k 2 behavior 
at ka <C 1, preserving the lattice periodicity, Qu are the 
critical wave- vectors, f is a characteristic time scale, and 
the dimensionless coupling constants are Xi = gfAi/t. 
In the paramagnetic phase the parameters are the same 
for i = 1,2,3, and we label charge and spin fluctuations 
with c, s. The direction of the charge modulation is de- 
bated. As a matter of illustration we analyze the case 
Qd = QA(n/a,—n/a), Q a \ = (ir/a,n/a), suggested by 
the ARPES experiments on Bi2212 ||. We allow for a 
mismatch of the charge modulation pattern on the two 
planes and take Q c2 = 0A(jr/a, tv/a), while Q S 2 = Q s i- 
The Hamiltonian is written in the simpler "plane rep- 
resentation" , in which the interaction is diagonal, and 
the decoupling of the two planes as tj_ — > is evident. 



The alternative "band representation" is obtained by di- 
agonalization of the fermionic part of the Hamiltonian, 
but the interaction is not diagonal, and the role of t± is 
less transparent. The two representations are, of course, 
equivalent. 

The O(A) perturbation theory accounts for the main 
dressing of the electrons. An average over ±Q C is per- 
formed to maintain inversion symmetry, leading to the 
self-energy =< S C £ > +3S S — 5fx. Previous analy- 
sis for ti = I showed that spectral weight is trans- 
ferred from the quasiparticle peak to incoherent shadow 
resonances. The changes in the single-particle spectra 
and in the distribution of low-lying spectral weight are 
in agreement with the experiment The suppression 
of spectral weight at the Fermi level near the M points 
[i.e. (0, ±7r/a) and (±7r/a, 0)], due to spin fluctuations, 
is modulated by charge fluctuations. 

Here we address the absence of bi-layer splitting, de- 
spite a sizable calculated t± || . The contribution of the 
plane £ to the spectral density is 



A, = - 



1 



E 

a=l,2 



Im 



l + (- 



7*i 



where Xh 



means retarded. For : 



2 ),fx = (t 2 L 7^+S 2 _) 1 / 2 audi? 
the quasiparticle FS consists 
of two branches, corresponding to the bonding and an- 
tibonding band (Fig. 1, left panel), well separated near 
the M points, where "fk is larger. However, a moderate 
coupling between the electrons and the critical fluctua- 
tions is sufficient to eliminate the FS splitting. Indeed, 
the suppression of spectral weight is stronger near the M 
points where the splitting is expected to be larger, and is 
weaker where the splitting is naturally suppressed by 7^ . 
The effect is enhanced in the case of a mismatch between 
the fluctuation patterns on the two different planes. The 
resulting FS, projected onto a single plane (e.g. I = 1) 
as it is suitable to interpret ARPES results, is essentially 
the same as in the absence of inter layer coupling (Fig. 1, 
right panel) . Thus the absence of the band splitting in 
ARPES spectra of bi-layered materials can be due to the 
enhancement of charge and spin fluctuations scattering 
the quasiparticles near a stripe instability. 
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FIG. 1. Calculated FS for t = 200 meV, t' = 50 meV, t± = 50 meV, n = -180meV, f" 1 = 200 meV and X s , c = (left), 
A s = 0.5, A c = 0.3 (right). 
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